Possible use of fuzzy logic in database by Vaclav Bezdek
JOURNAL OF SYSTEMS INTEGRATION 2011/2  31 
Possible Use of Fuzzy Logic in Database 
Vaclav Bezdek 
Faculty of Management and Economics, Tomas Bata University in Zlín, 
Czech Republic 
bezdek@fai.utb.cz 
 
  
 
Abstract: The article deals with fuzzy logic and its possible use in database systems. At first fuzzy 
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1.  Introduction 
Database systems are one of the mostly used sources of information that keep the vast amount of 
information.  We  have  to  be  able  to  process  and  convert  it  into  a  form  that  meets  the  specific 
information needs. And this is a problem because the current search techniques use "real values” 
questions. The result is short or long list of objects which satisfy the conditions. This list is to be re-
evaluated  unless  is  worthless.  One  of  the  possible  solutions  is  to  use  fuzzy  logic  in  searching 
databases. 
Fuzzy  logic  has  a  lot  of  applications.  The  literature  review  shows  that  fuzzy  controllers,  as  an 
application of fuzzy logic, can be found even in things that one would not expect. There are many 
examples of successfully applied fuzzy theory in practice [1], [2], [3] including: the selection of the 
most suitable bank for arranging a mortgage, the evaluation of client credibility, the selection of an 
insurance company, the purchase of a property, the selection of a car, the job selection and many 
others. These applications serving for decision support are the first large group of applications. The 
second group of applications is for controlling. A fuzzy regulator could be used for checking a valve in 
mechanical engineering and for releasing only the right amount of steam necessary for the correct 
operation  of  the  device.  It  is  used  in  much  smaller  devices  such  as  digital  cameras,  washing 
machines, controlling mechanism of cars, etc. for controlling many variables, starting from the correct 
photographic exposure and ending with the setting of the time needed to wash specific clothes in a 
washing machine properly. 
2.  Fuzzy logic  
The usage of accurate descriptions leads us to idealization of the facts in the real world and therefore  
diversion from the reality. The strict description leads us to describe the reality only through the two-
element  set  {0,  1}.  If  the  problem  can  not  be  clearly  determined,  it  is  decomposed  into  smaller 
problems, but at a price of space and it can be used again only two-element set. In the cases when it 
is impossible or unreasonable to divide this problem any more, we inflict some errors which cause 
departure from reality.  
It  is  related  to  the  principle  of  incompatibility,  expressed  by  L.A.  Zadeh  in  1973:  ‘with  increasing 
system complexity decreases our ability to formulate accurate and important features of his behavior 
until  it  attained  the  limit  beyond  which  the  accuracy  and  relevance  of  almost  mutually  exclusive 
phenomena.’ 
 The  real  world  does  not  fit  into  the  binary  boundaries  and  numerical  precision  is  often  useless  
for  making  qualitative  conclusions.  In  classical  set  theory  an  element  either  belongs  to  a  set  
(full membership in the set) or not (no membership in the set).  In natural language, which people 
communicate, there are many so-called vague terms: a very old man, low speed.The question is, what 
else belongs to the described set and what does not (provided the speed of 65 km/h is a low speed, 
why the speed of 66 km/h is not also low?). This problem can be already found in ancient Greece, 
where the paradox comes from (so called the Paradox of ancient Greece). Let us have a small pile of 
rocks. If we add one stone, we get back a small pile again. Then each pile is small. VACLAV BEZDEK 
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Similarly, the digital world of computers is based on Boolean logic with binary values zero or one, yes 
or no, in or out. This very strong mathematical apparatus presents too gross simplification of the real 
world where there are many shades of gray between black and white. 
The turn was in the year 1965, when L.A. Zadeh of the University of Berkeley in California published 
his  work  Fuzzy  Sets  [9]  that  presented  the  mathematical  theory  of  fuzzy  sets  and  fuzzy  logic  by 
expanding it. 
The ground-breaking difference between traditional crisp logic and fuzzy logic is the alteration of an 
element membership definition in a set. Membership is defined by a value of the membership function 
μ(A). Crisp set membership is defined by either/or criteria. Fuzzy set membership is defined by and/or 
criteria. In Figure  2-1 it can be seen that the middle age by the classical mathematic considers the 
numeric values from 45 to 60 as members of a crisp set (their μ(A) = 1) and all other values are not 
members (μ(A) = 0). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure  2-1 Middle age by classical mathematics 
Fuzzy  logic  introduced  functional  membership.  There  can  be  many  shapes  of  this  membership 
function.  Figure  2-2  shows  an  example  of  one  of  these.  It  shows  a  triangular  fuzzy  membership 
function. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Figure 2-2 – Middle age by fuzzy logic  
 
It is usual that only one value ‘totally’ belongs to the set and in Figure 2-2 it is value 50. For it μ(A)=1. 
For every other values there are different μ(A) ― the membership  function. It could be said that the 
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value 65 ‘belongs less’ than the value 60 and it is ‘even less’ than the value 55 and so on. For general 
purposes there are four commonly used types of membership functions [10] [11]:  
  Triangular 
  S curve function 
  Z function 
  Pi function 
Figure  2-2  shows  triangular  and  Figure  2-3  shows  S,  Pi  and  Z  membership  functions.  Their 
modification and combination are able to cover most of the common problems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-3 – Typical Membership Functions 
How the whole system works will be shown on the example of employee’s bonuses. This example is 
created by the authors. The use of fuzzy logic is very simple and easy. We want to decide about the 
amount  of  bonuses  for  employees  when  we  find  their  intensity  of  work  at  80  percent  and  their 
efficiency  at  60  percent.  The  calculation  of  fuzzy  logic  consists  of  three  steps:  fuzzification,  fuzzy 
inference and defuzzification (Figure 2-4).  
 
 
 
Figure 2-4 – Solving Problem Using Fuzzy Logic 
  Fuzzification 
The fuzzificaton means that the real variables are transferred on linguistic variables. The definition of 
linguistic variable comes out from basic linguistic variables, for example, the following attributes can 
be set up at the variable risk: none, very low, low, medium, high, and very high. Usually there are used 
from three to seven attributes of variable. The attributes are defined by the so called membership 
function,  such  as  Pi,  S,  Z  (Figure  2-3).  The  membership  function  is  set  up  for  input  and  output 
variables.  
  We  assume  two  input  variables:  the  intensity  of  work  –  x,  efficiency  -  y,  and  one  output 
variable: bonus – z, all of them defined on the interval <0.100>. Each of these variables can 
take (for simplicity) only low and high values defined as follows: 
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Figure 2-5 – Fuzzy Definition of Variables 
  Fuzzy Inference 
The fuzzy inference defines the behavior of system by means of rules such as <When> <Then> on 
linguistic  level.  The  conditional  clauses  evaluate  the  state  of  input  variables  by  the  rules.  The 
conditional clauses are in the following form: 
<When> Input a <And> Input b ... Input x <Or> Input y ...   <Then> Output 1 
 
it means, when (the state occurs) Input a and Input b, ..., Input x or Input y,..., then (the situation) 
Output 1. 
The fuzzy logic represents the expert systems. Each combination of attributes of variables, incoming 
into  the  system  and  occurring  in  condition  <When>,  <Then>,  presents  one  rule.  Every  condition 
behind <When> has a corresponding result behind <Then>. It is necessary to determine every rule 
and its degree of supports (the weight of rule in the system). These rules are created by the expert 
himself.  
  To determine the amount of premiums we may use the following rules, which clearly encourage 
staff to maximize effort and effectiveness of their work: 
Rule 1 : IF x is low AND y is low THEN z  is low 
Rule 2 : IF x is high AND y is low THEN z is low 
Rule 3 : IF x is low AND y is high THEN z is low 
Rule 4 : IF x is high AND y is high THEN z is high 
For our values of x = 80 and y = 60 using the MIN operation to assign the resultant set of all 
output fuzzy subset resulting from different rules: 
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Figure 2-6 – Rule 1 
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Figure 2-7 – Rule 2 
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Figure 2-8 – Rule 3 
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Figure 2-9 – Rule 4 
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Figure 2-10 – Final Rule  
 
  Defuzzification 
The defuzzification transfers the results of fuzzy inference on the output variables, that describes the 
results verbally (for example, whether the risk exists or not).  
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  The final amount of the employee bonus needs to be found out from the resulting fuzzy set 
namely for those who has 80% intensity of work and 60% efficiency. We have several options 
and it is up to us which option we will choose : 
SOM method - the method of the smallest of maxim - the resulting value is 60% of bonuses 
MOM method - the method of the middle of maxim - the resulting value is 80% of bonuses 
LOM method - the method of the largest of maxim - the resulting value is 100% of bonuses 
The system with fuzzy logic can work as an automatic system with entering input data. The input data 
can  be  represented  by  many  variables.  These  methods  are  often  combined  mutually  so  that  the 
chosen  method  to  would  facilitate  the  process,  simplify  the  calculation,  and  meet  the  desired 
outcomes. 
3.  Application of fuzzy logic in databases 
3.1  Database 
A  database  is  a  system  intended  to  organize,  store,  and  retrieve  large  amounts  of  data  easily.  It 
consists of an organized collection of data for one or more uses, typically in digital form. One way of 
classifying databases involves the type of their contents, for example: bibliographies, documents, and 
statistics.  Digital  databases  are  managed  by  using  database  management  systems  which  store 
database contents, allowing data creation and maintenance, and searching and another access. 
3.2  Car Market in the Czech Republic 
If someone wants to buy a car in the Czech Republic, he/she has basically two options. Either he/she 
buys a new car to be sure he is the first owner of the car. The car is in perfect condition, it has ensured 
service, etc. Or he/she can buy a used car. The benefits and confidence he/she had in the case of 
buying a new car are often balanced by a significant decrease of price. Used cars are sold in used car 
shops which are located in every major city. It is very time-consuming to go through all of them and 
therefore most used car dealers offer their cars on-line. And again, browsing web pages for individual 
vendors  can  be  very  time-consuming.  That  is  why  there  are  specialized  websites  that  collect 
information  from  more  bazaars.  It  was  necessary  to  determine  such  a  server  which  is  in  the 
subconscious  of  people's  mind  favourite  and  mostly  used.  By  a  quick  and  simple  survey  among 
friends we received a recommendation on two servers:.  
www.tipcars.com  -  Motor  advertising  server  offering  from more  than  1,000  vendors  offering  over 
65,000 new and used cars, vans and trucks.  
www.yauto.cz  -  A  comprehensive  online  bazaar  and  motorbazaar.  Private  and  company  car 
advertisement for free. Daily updated selection of cars and motorbikes from the whole country. Car 
advertising divided into categories: cars, motorcycles, all-terrain vehicles, utility vehicles, trucks, car 
sales, spare parts, caravans.  
At  the  time  of  the  survey  Tipcars  site  was  offering  approximately  48,244  vehicles  and  Yauto 
approximately  85,390  ones.  That  is  why  we  decided  without  any  further  hesitation  to  use 
www.yauto.cz. 
3.3  Data 
For testing, real data from the www.yauto.cz property portal were used. The selection criteria specified 
in a ‘human language form’ are: ‘A car from Prague, Skoda  - Octavia, less than 500,000 CZK, the 
cheaper the better, travelled less than 100,000 km, the less the better, a diesel....’ These criteria were 
transformed into exact numbers in order to be possible to input them on the server. The following 
information was filled according to the Table 3.1. 
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Table 3.1 - Transformation of the User Criteria 
Vehicle type  Passenger  Price  To 500,000 CZK 
Manufacturer  Skoda  Year  From 2003 
Vehicle model  Octavia  Condition  Used 
Body type  Any  Age offers  Any 
Fuel  Diesel  Country  Prague 
Mileage  To 100000 km  Region  Prague 
       
  Advanced Search  First owner   
    Only offers with photos   
 
The precise figures in the Table 3.1 are the criteria that can be entered into a locator when looking for 
a car with the appropriate characteristics. The above criteria were therefore inserted into the portal 
www.yauto.cz and the obtained results are shown in the Table 3.2. We received 119 car offers. The 
importance of attributes is following: 
ID   - car identification. Unique to the data set; 
Price    - Price of the car. The lower the better; 
- Year    - year of manufacture, the more recent the better 
- Km    - mileage, the less the better 
- *    - Body type - K/H/S/L – Combi / Hatchback / Sedan / Liftback 
- **   - Engine capacity - 1.6/1.9/2.0  
 
Table 3.2 – Data Set 
ID.  Price  Year  Km  *  **  ID.  Price  Year  Km  *  **  ID.  Price  Year  Km  *  ** 
001  330000  2009  55424  H  1.9  041  399000  2010  4 000  S  1.6  081  246000  2008  75647  H  1.9 
002  95000  2005  74000  H  1.9  042  240000  2008  47344  H  1.9  082  210000  2008  39720  H  1.9 
003  200000  2006  42305  K  1.9  043  370000  2007  84 000  K  2,0  083  190000  2006  58403  K  1.9 
004  359000  2006  92500  K  1.9  044  290000  2009  94553  K  1.9  084  140000  2004  72656  K  1.9 
005  148000  2005  74800  H  1.9  045  190000  2007  83154  K  1.9  085  170000  2005  72233  K  1.9 
006  279000  2007  52306  K  1.9  046  420000  2009  41098  H  2.0  086  190000  2006  58933  K  1.9 
007  330000  2009  58445  H  1.9  047  369000  2009  58000  H  1.9  087  190000  2006  60474  K  1.9 
008  369000  2009  18000  S  1.6  048  290000  2009  62680  K  1.9  088  110000  2003  85517  H  1.9 
009  330000  2009  46928  H  1.9  049  449000  2010  18838  K  2.0  089  320000  2009  63666  H  1.9 
010  289000  2005  61500  K  1.9  050  339900  2008  95000  S  2.0  090  225000  2007  71722  K  1.9 
011  255000  2007  83700  K  1.9  051  199500  2006  98010  K  1.9  091  200000  2006  86761  H  2.0 
012  140000  2004  70456  K  1.9  052  360000  2008  51607  K  2.0  092  120000  2003  87960  H  1.9 
013  349999  2007  65000  K  2.0  053  340000  2010  24000  H  1.6  093  200000  2007  35039  H  1.9 
014  275000  2007  81330  K  1.9  054  200000  2007  77420  H  1.9  094  230000  2008  71650  H  1.9 
015  360000  2010  7276  H  1.6  055  330000  2009  54362  H  1.9  095  160000  2005  56362  H  1.9 
016  295000  2006  44500  S  1.9  056  220000  2006  63595  K  1.9  096  220000  2006  81490  K  1.9 
017  220000  2007  69907  H  2.0  057  260000  2008  70490  H  1.9  097  280000  2008  43602  K  1.9 
018  269000  2008  99685  S  2.0  058  250000  2008  45681  H  1.9  098  200000  2006  48435  H  1.9 
019  200000  2005  31236  K  1.9  059  90000  2003  83731  H  1.9  099  210000  2007  95499  H  1.9 
020  365833  2010  20500  L  1.9  060  156000  2005  52997  H  1.9  100  220000  2009  36270  K  1.9 
021  279000  2008  74207  K  1.9  061  170000  2005  52164  K  1.9  101  220000  2006  49038  H  1.9 
022  210000  2006  49614  K  2.0  062  200000  2007  36377  K  1.9  102  120000  2003  54200  K  1.9 
023  111125  2006  83000  K  1.9  063  180000  2005  67262  K  1.9  103  320000  2009  51996  H  1.9 
024  229900  2006  98564  K  2.0  064  220000  2006  45086  K  1.9  104  120000  2003  87316  K  1.9 
025  270000  2008  8000  K  1.9  065  250000  2006  99287  K  2.0  105  237900  2007  65000  H  1.9 VACLAV BEZDEK 
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026  259900  2008  55100  K  2.0  066  160000  2004  81632  H  1.9  106  264900  2008  99000  H  2.0 
027  310000  2009  79 000  H  1.9  067  250000  2010  11789  H  1.9  107  216000  2007  94200  H  1.9 
028  269000  2007  82657  K  2.0  068  210000  2007  79264  H  1.9  108  230000  2007  70912  H  1.9 
029  210000  2007  40780  H  1.9  069  270000  2008  41026  H  1.9  109  180000  2005  72545  H  1.9 
030  130000  2004  75951  H  1.9  070  320000  2009  65651  H  1.9  110  130000  2004  81852  K  1.9 
031  170000  2005  58574  H  2.0  071  320000  2007  99843  K  2.0  111  382500  2010  25945  L  2.0 
032  180000  2005  59406  K  1.9  072  200000  2007  89513  H  1.9  112  210000  2006  45916  K  2.0 
033  160000  2008  98000  K  1.9  073  200000  2004  55866  H  1.9  113  220000  2007  46354  K  1.9 
034  200000  2006  45811  K  1.9  074  180000  2005  65491  H  2.0  114  180000  2005  67493  H  1.9 
035  299900  2010  3310  K  1.9  075  120000  2003  84935  K  1.9  115  150000  2003  76700  K  1.9 
036  156000  2003  87097  K  1.9  076  250000  2007  80561  H  2.0  116  170000  2005  92744  H  1.9 
037  190000  2006  69040  H  1.9  077  220000  2007  98460  K  2.0  117  280000  2008  33582  H  2.0 
038  335000  2008  86600  K  2.0  078  220000  2007  89874  K  1.9  118  280000  2010  23491  H  1.9 
039  235000  2006  61000  K  1.9  079  160000  2008  78132  K  1.9  119  330000  2009  52172  H  1.9 
040  239000  2006  unkn.  S  2.0  080  260000  2007  45659  H  1.9  120           
All 119 of these cars fit to our specifications. They are second-hand cars Skoda Octavia, the purchase 
from the first owner with Diesel engine and mileage less than 100,000 km. Their price is less than 
500,000 CZK. Moreover, the photo of each car can be seen on the site. But how to choose the best 
car for us? 
3.4  Offers evaluation by traditional methods 
In case that our main and only criterion for choosing a car is price (the lower the better) then we select 
the cheapest car of all 119 offers by price. The results are in the Table 3.3. 
Table 3.3  –  Results by criteria - price 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
If our main criterion is mileage (the less the better), we have a simple task to compare the cars offered 
under mileage. Results are shown in the Table 3.4. 
Table 3.4 – Results by criteria – Km 
 
 
 
 
 
 
 
 
 
 
 
 
RANK  ID.  Price  Year  Km  *  ** 
001  59  90 000  2003  83 731  H  1.9 
002  2  95 000  2005  74 000  H  1.9 
003  88  110 000  2003  85 517  H  1.9 
004  23  111 125  2006  83 000  K  1.9 
005  75  120 000  2003  84 935  K  1.9 
  92  120 000  2003  87 960  H  1.9 
  102  120 000  2003  54 200  K  1.9 
  104  120 000  2003  87 316  K  1.9 
009  30  130 000  2004  75 951  H  1.9 
  110  130 000  2004  81 852  K  1.9 
RANK  ID.  Price  Year  Km  *  ** 
001  35  299900  2010  3310  K  1.9 
002  41  399000  2010  4 000  S  1.6 
003  15  360000  2010  7276  H  1.6 
004  25  270000  2008  8000  K  1.9 
005  67  250000  2010  11789  H  1.9 
006  8  369000  2009  18000  S  1.6 
007  49  449000  2010  18838  K  2.0 
008  6  279000  2007  52306  K  1.9 
009  118  280000  2010  23491  H  1.9 
010  53  340000  2010  24000  H  1.6 POSSIBLE USE OF FUZZY LOGIC IN DATABASE 
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Another option is to combine these two main requirements. The cheapest possible car with the least 
mileage. We add up the order of the first comparison of the Table 3.3 and the order of the second 
comparison of the Table 3.4 and make the order of the sum of the order. The results are below in the 
Table  3.5 
Table  3.5 – Results by criteria – Price and Km 
 
 
 
 
 
 
 
 
 
 
 
                      
                                                                            
3.5  Offers evaluation by Fuzzy logic 
The fuzzy logic approach can be understood as an extension of the car dealer servers. It works with 
the same data, uses the same hard filtering, but instead of just sorting the results by one attribute 
(giving this attribute absolute precedence over all others), and all attributes and preferences are taken 
into account. Based on that, the ‘suitability score’ is calculated and the results are sorted by that score. 
The first step is to divide all possible values of the criterion to separate sets. A value corresponding to 
the preference can be assigned to each of these sets. With this approach it is possible not only specify 
which attribute of the cars is more preferred than the others, but also which specific value is preferred.  
A preference is assigned to each possible value of each attribute, which shows its importance. The big 
difference  between  this  approach  and  traditional  sorting  is  that  here  the  user  can  take  the 
sophisticated requirements into account. 
The fuzzy logic is more ‘user oriented’ than the traditional sorting only by filter. It makes the user to 
think more realistically and then to apply these wishes and restrictions to the search. 
The  first  step  is  to  establish  the  fuzzy  sets,  identifying  the  values  that  can  be  assigned  to  each 
attribute. The Table 3.6 shows the possible values that the attributes can have. 
 
Table 3.6 – Established Fuzzy sets 
 
 
 
 
 
 
 
 
The  second  step  is  specific  to  each  particular  user.  The  user  needs  to  set  up  preferences.  Each 
preference is expressed by a number from 0 to 10 where 10 means the most preferred and 0 the least 
preferred attribute. A preference is assigned to each possible value from the Table 3.6. 
For better computation all of the preferences are merged into one matrix called the Transformation 
matrix (TM), which is shown in the Table  3.7. 
 
RANK   ID. 
RANK  
Price 
RANK 
Km 
SUMA 
Of 
RANK 
Price  Year  Km  *  ** 
001  102  5  41  46  120000  2003  54200  K  1.9 
002  19  36  12  48  200000  2005  31236  K  1.9 
003  93  36  14  50  200000  2007  35039  H  1.9 
004  62  36  16  52  200000  2007  36377  K  1.9 
005  60  15  40  55  156000  2005  52997  H  1.9 
006  3  36  21  57  200000  2006  42305  K  1.9 
007  61  21  37  58  170000  2005  52164  K  1.9 
008  34  36  27  63  200000  2006  45811  K  1.9 
  82  46  17  63  210000  2008  39720  H  1.9 
  95  17  46  63  160000  2005  56362  H  1.9 
Price  Year  Km  *  ** 
0-62500  2010  0-12500  K  2.0 
62501-125000  2009  12501-25000  H  1.9 
125001-187500  2008  25001-37500  L  1.6 
187501-250000  2007  37501-50000  S   
250001-312500  2006  50001-62500     
312501-375000  2005  62501-75000     
375001-437500  2004  75001-87250     
437501-500000  2003  87251-100000     VACLAV BEZDEK 
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Table  3.7 – Transformation Matrix 
Price  Year  Km  *  ** 
10  10  10  10  10 
8  8  8  8  5 
6  6  6  4  0 
4  4  4  0   
3  3  3     
2  2  2     
1  1  1     
0  0  0     
The first three properties are obvious. Of course, the cheaper the car is the better for us. It is obvious 
that we would like to get a car as new as possible with the least mileage. As for body type, we prefer 
the body of ‘Kombi’, and 2.0 engine capacity. For this reason, the points are distributed in a way which 
is shows in the Table  3.7. This table is purely subjective and each user can have a different layout of 
preferences. 
For each attribute it is necessary to assemble the State matrix (SM) which reflects the particular car. 
Each car has their own state matrix because each car has different attributes. The state matrix has the 
same dimensions as the matrix of fuzzy sets as shown in the Table 3.6. 
The score is then the final score assigned to the car based on the user’s preferences specified in the 
TM matrix. The score declares how suitable the car is for the user. The higher the score is the more 
suitable  the  car  is  for  the  particular  user.  The  same  computations  are  done  for  the  rest  of  the 
properties. 
Table 3.8 - Resulting score by Fuzzy 
The final rank (only first 10) ordered properties are shown in Table 3.9 . 
ID.    ID.    ID.    ID.    ID.    ID.    ID.    ID.    ID.   
001  24  015  28  029  23  043  27  057  22  071  26  085  25  099  19  113  27 
002  23  016  17  030  19  044  26  058  24  072  19  086  25  100  33  114  21 
003  26  017  26  031  27  045  24  059  20  073  19  087  25  101  22  115  22 
004  20  018  21  032  26  046  29  060  22  074  26  088  20  102  26  116  19 
005  21  019  27  033  27  047  20  061  26  075  24  089  23  103  24  117  31 
006  25  020  29  034  26  048  28  062  29  076  24  090  25  104  23  118  32 
007  24  021  26  035  38  049  38  063  25  077  28  091  24  105  21  119  24 
008  20  022  31  036  22  050  20  064  26  078  23  092  19  106  25     
009  25  023  27  037  20  051  22  065  26  079  28  093  25  107  19     
010  23  024  27  038  29  052  31  066  19  080  22  094  23  108  21     
011  23  025  34  039  17  053  26  067  34  081  22  095  22  109  21     
012  24  026  32  040  19  054  20  068  20  082  25  096  23  110  23     
013  28  027  23  041  23  055  24  069  24  083  25  097  28  111  31     
014  23  028  28  042  25  056  24  070  23  084  24  098  22  112  31     POSSIBLE USE OF FUZZY LOGIC IN DATABASE 
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Table 3.9 - Final rank by Fuzzy 
 
 
 
 
 
 
 
 
 
3.6  Comparison of results 
The  direct  comparison  between  results  from  the  contemporary  and  the  fuzzy  logic  approach  is 
presented below. The better results are those that can better suit to user’s criteria, expectations, and 
requirements. The unique user requirements are met by all results because the test data set was 
taken after filtering was done by hard requirements. The top ten results from all approaches are in the 
Table 3.10: 
Table 3.10 – Comparison of the Results 
Price  Km  Price and Km  Fuzzy 
RANK  ID  RANK  ID  RANK  ID  RANK  ID 
001  59  001  35  001  102  001  35 
002  2  002  41  002  19    49 
003  88  003  15  003  93  003  25 
004  23  004  25  004  62    67 
005  75  005  67  005  60  005  100 
  92  006  8  006  3  006  26 
  102  007  49  007  61    118 
  104  008  6  008  34  008  22 
009  30  009  118    82    52 
  110  010  53    95    117 
 
The results are very different. In the contemporary approach the user can work only with two criteria - 
filtering  and  ranking  by  one  attribute.  Filtering  is  necessary  and  so  it  is  used  in  the  fuzzy  logic 
approach,  but  sorting  only  by  one  attribute  means  that  the  user  gives  this  attribute  absolute 
precedence over all others. The contemporary approach cannot scale preferences, only one attribute 
can  be  preferred  and  the  rest  are  ignored.  In  the  fuzzy  logic  approach  the  user  can  specify 
preferences for all attributes and moreover the scale of preference of specific values of each attribute 
can be specified too. 
3.7  Head to head comparison 
The ‘best’ car based on the traditional approach by price is car ID 59: 
Table  3.11 - Best car by price 
 
 
 
The ‘best’ car based on the fuzzy logic approach is car ID 35: 
RANK  ID.  Score  Price  Year  Km  *  ** 
001  35  38  299900  2010  3310  K  1.9 
  49  38  449000  2010  18838  K  1.9 
003  25  34  270000  2008  8000  K  1.9 
  67  34  250000  2010  11789  H  1.9 
005  100  33  220000  2009  36270  K  1.9 
006  26  32  259900  2008  55100  K  2.0 
  118  32  280000  2010  23491  H  1.9 
008  22  31  210000  2006  49614  K  2.0 
  52  31  360000  2008  51607  K  2.0 
  117  31  280000  2008  33582  H  2.0 
ID.  Price  Year  Km  *  ** 
59  90 000  2003  83 731  H  1.9 VACLAV BEZDEK 
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Table 3.12 - Best car by fuzzy 
 
 
 
For the attribute price (The smaller the better) ― one point for traditional approach (1:0). The year is 
better for fuzzy logic (1:1).  The mileage is smaller for fuzzy logic too, thus (1:2) for fuzzy logic. The 
body type is better for fuzzy logic, so the score is  (1:3) for fuzzy logic. The engine capacity is the 
same, points for both sides (2:4). 
Table 3.13 - Summary of Head to Head comparison for the First Pair 
  
 
 
 
The final assessment is 2:4, which means that fuzzy logic has chosen a car that better satisfies the 
user than the traditional choice by price. The same comparison of all the pairs within the top ten are 
shown in the Table 3.14. 
Table 3.14 - Price to Fuzzy Comparison of Results 
 
 
 
 
 
 
 
 
 
 
According to these results it is clear that the choice of possible cars done only by the criterion of price 
is very unreasonable. Featured Cars in general do not meet our preferences. This clearly indicates a 
"victory" of fuzzy logic in this "battle" 8 : 0 (the score 37 : 20). Make the same comparison for fuzzy 
compared with results at the mileage (Table 3.15) 
Table 3.15 - Km to Fuzzy Comparison of Results 
 
 
 
 
 
 
 
 
 
 
Here, the search using fuzzy logic wins as well by the score 3: 2 (the score 31: 30). The last method is 
a combination of miles and price. Comparison of 10-best cars in this method with the 10 best cars 
under fuzzy logic are in the Table  3.16. 
ID.  Price  Year  Km  *  ** 
35  299000  2010  3310  K  1.9 
ID.  Price  Year  Km  Body type  Engine capacity  Total 
59  +1  0  0  0  +1  2 
35  0  +1  +1  +1  +1  4 
ID. by Price  ID. by Fuzzy  Results  Winner 
59  35  2 : 4  Fuzzy 
2  49  1 : 4  Fuzzy 
88  25  2 : 4  Fuzzy 
23  67  3 : 3  Draw 
75  100  3 : 4  Fuzzy 
92  26  1 : 4  Fuzzy 
102  118  3 : 3  Draw 
104  22  2 : 4  Fuzzy 
30  52  1 : 4  Fuzzy 
110  117  2 : 3  Fuzzy 
TOTAL  20 : 37   
ID. by Km  ID. by Fuzzy  Results  Winner 
35  35  5 : 5  Draw 
41  49  3 : 3   Draw 
15  25  2 : 3  Fuzzy 
25  67  3 : 3   Draw 
67  100  3 : 3  Draw 
8  26  2 : 3   Fuzzy 
49  118  4 : 2  Traditional 
6  22  2 : 4  Fuzzy 
118  52  3 : 2  Traditional 
53  117  3 : 3  Draw 
TOTAL  30 : 31   POSSIBLE USE OF FUZZY LOGIC IN DATABASE 
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Table  3.16 - (Km and Price) to Fuzzy Comparison of Results  
 
 
 
 
 
 
 
 
 
 
 
 
Here, search method using fuzzy logic wins clearly.  
4.  Comparison of traditional database search and fuzzy approach 
4.1  Traditional approach 
In  the  traditional  approach,  the  steps  that  the  user  must  undergo  to  find  a  quality  car  can  be 
summarized as follows: 
1.  Set up requirements; 
2.  Input the requirements into the portal; 
3.  Perform the search; 
4.  Sort the cars that meet the requirements by one attribute; 
5.  Evaluate each result to distinguish which one is better and to get a ‘ladder’ of properties sorted 
by suitability; 
6.  Choose the best one. 
The last two steps are required to be done manually. Especially penultimate step is considered to be 
the most frustrating, the longest and the most annoying step by the users. 
The significant advantages are: 
  Easy to operate – today every search system on the internet today incorporates this type of 
filtering and so it is obvious and clear to everyone. 
  Quick to set-up user’s criteria - with just a few clicks it is possible to set up several criteria and 
perform a search. 
The significant disadvantages are: 
  It does not incorporate user’s preferences of the criteria - the search engine does not count 
the user preferences for each criterion. Sorting the results by one criterion gives this criterion 
absolute precedence over all the others. 
  The filter does not count the weight of the criterion - there is no possibility to distinguish which 
attribute is the most and which is the least important for the user. 
  It provides an overwhelming number of results - without careful manual evaluation the user 
does not have complete and objective information for decision. 
  Manual  evaluation  time  is  time-consuming  -  the  time  needed  to  evaluate  the  results 
consistently and completely is very demanding. 
  Manual evaluation may be inconsistent - users are persons not machines. Each evaluation 
session can have slightly different classifications for a criterion, thus the resulted score may 
vary and is not consistent across all the results. 
  Manual evaluation may be incomplete - with the lengthening of the evaluation process the 
user’s enthusiasm drops and the resulting score can be affected. 
ID. by Km and Price  ID. by Fuzzy  Results  Winner 
102   35  3 : 4  Fuzzy 
19  49  2 : 4   Fuzzy 
93  25  2 : 4  Fuzzy 
62  67  3 : 3  Draw 
60  100  2 : 4  Fuzzy 
3  26  3 : 3  Draw 
61  118  3 : 3  Draw 
34  22  4 : 3  Traditional 
82  52  3 : 3  Draw 
95  117  3 : 4  Fuzzy 
TOTAL  28 : 35   VACLAV BEZDEK 
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4.2  Fuzzy approach 
Fuzzy logic approach is more complex and incorporates the way to evaluate the properties based on 
the user’s preferences. We can not say definitely what the biggest advantage is because what one 
person might see as an advantage, the others may not. One of the biggest advantages is that fuzzy 
logic gives users greater speed in making decisions. Fuzzy logic evaluates all options for which we are 
trying to decide, and provide good information about each option.  
The  process  of  obtaining  results  manually  can  take  a  long  time.  Using  computers  
Fuzzy  logic  is  able  to  produce  comparable  results  in  a  few  seconds.  This  is  a  very  significant 
advantage in contrast to the classical approach. 
Another advantage is that fuzzy logic gives users the full results. A computer can easily assess all 
properties in the database; thereby it provides users a complete overview. In the case of manual 
assessment reviews, user will be discontinued at some point sooner or later due to lack of time, lost 
enthusiasm, etc. By contrast, the proposed approach evaluates all the options from the database and 
provides users with a comprehensive evaluation of data.  
Objectivity is another great advantage of fuzzy logic over the classical approach. Only strict rules and 
a stable environment can provide objectivity. Objectivity is most needed in the performance evaluation 
system. Since the user is not a machine, each user may have slightly different perceptions and it can 
cause inaccuracies and non-objectivity of the assessment, especially if certain criteria are subjective. 
However, the evaluation is made by machine which eliminates the possibility of non-objectivity. 
The steps the user requires to do in order to get the results utilising the fuzzy logic approach can be 
summarized as follows: 
1.  Set up the requirements; 
2.  Set up the preferences and weights of the criteria; 
3.  Input the requirements and the weights into the portal; 
4.  Perform the search. 
The user does not have to count anything manually. It is only necessary in step 2 to set requirements 
for the weights. In this step the user defines preferences for each attribute and those which matters 
most. 
The significant advantages are: 
  No manual evaluation is necessary ― the evaluation is done by the system itself, thus no time 
consuming manual evaluation is necessary. Saved time can be used by users for fine refining 
of the search criteria and for the decision itself;  
  System  evaluation  is  speedy  ―  for  current  computers  and  carefully  designed  computer 
systems  it  is  a  matter  of  seconds  to  evaluate  the  whole  database  of  properties  exactly 
according to the user’s criteria. 
  System evaluation is consistent ― the computer does not make mistakes, nor become tired. 
The evaluation criteria remain the same during the evaluation processes providing consistent 
results; 
  System evaluation is complete ― due to the speed by which the computer is able to evaluate 
one  property  there  is  the  possibility  to  evaluate  the  whole  property  database  in  order  to 
provide the best possible results based on all available properties. 
  Every possible option is evaluated objectively ― the system evaluates every possible option in 
the  database  objectively,  not  only  the  few  results  the  human  being  is  able  to  manage.  A 
computer does not become fatigued and makes no mistake or alterations to the evaluation. 
The resulting score is fully objective based on the identical criteria 
  The results reflect user’s requirements and wishes ― the nature of the approach is to work 
with the weights of criterion to reflect the user’s wishes and requirements. This approach is 
similar to human thinking about the problem. Everyone is different with different requirements 
and wishes. User preferences reflect these requirements and wishes; 
  More ‘human-thinking’ inputs ― each value of the criteria could be assigned with a different 
preference, thus the user can specify even sophisticated search questions, which can reflect 
needs and wishes. 
  Shorter  time  needed  to  get  quality  results  ―  the  approximate  time  needed  to  get  quality 
results is considered to be shorter in the case of the fuzzy logic approach, because there is no 
necessity to do any manual evaluation, which takes a lot of time. POSSIBLE USE OF FUZZY LOGIC IN DATABASE 
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4.3  Summary 
First of all we selected 119 cars offered on www.yauto.cz portal (the number 85 249) according to our 
"hard"  requirements.  Then  we  had  to  choose  from  all  119  matching  vehicles  the  ‘best’.  The  first 
method was the determination of the best cars by price (the cheapest was the best). The second 
method of selection was the number of miles driven (the less the better). And the third method was 
chosen the combination of mileage and price. Then we used the fourth method with all the 119 cars 
which is based on fuzzy logic according to our established priorities. Then we tried to decide which 
method of car selection is the best. We always compared the 10 rated cars by methods using fuzzy 
logic. Fuzzy logic seemed to be the best method. During our decision process we came to the most 
important features of the current approach and an approach based on fuzzy logic: 
  The current approach requires less time to obtain the output. The user sets only a few hard 
criteria,  and  searching  can  be  done.  The  approach  using  fuzzy  logic  can  be  seen  as  an 
extension  of  the  current  approach  where  there  is  no  need  to  manually  evaluates  a  large 
number of properties. The result is given the highest quality faster. Time for setting weights for 
fuzzy logic is compensated by the automatic evaluation is not necessary. From beginning to 
end, which is successfully finding a suitable vehicle access is faster using fuzzy logic. 
  The results of the use of fuzzy logic include all really good car. The comparison with the three 
current methods showed that in top ten the best cars were chosen by fuzzy logic. In case of 
current approach it can happen that user can miss a car that would be chosen by fuzzy logic. 
  Fuzzy logic approach eliminates the need of manual evaluation during the selection process. 
This greatly reduces the time needed to find a suitable car. More time is needed for setting 
preferences at the beginning, but thanks to this system is then able to assess all properties in 
the database. 
  Fuzzy logic approach eliminates the errors during the evaluation process when it is carried out 
by computer. It can not be done by manual error evaluation. 
  Fuzzy  logic approach gives complete results. Due to the large number of results the user 
becomes oveloaded by using the traditional method.. The time needed for data completation 
is large and the user tends to finish the activity before sooner. Fuzzy logic approach performs 
computer evaluates all the properties that provides the user complete data for better decision 
making. 
  Fuzzy logic approach allows users to incorporate their wishes, expectations and mandatory 
requirements for cars to search. The evaluation process, which calculates a score for each car 
evaluated by all criteria. 
  Fuzzy logic approach evaluates all the results through a database and provides a broader 
overview of the current availability of cars on the market, thereby greatly reducing the chance 
of missing the ideal car. With the current approach a solid filter is applied first, and then the 
results are displayed. After that the user receives the results which must be re-evaluated. In a 
large database it is very likely that the end user evaluates only some attributes and misses the 
best car. 
  The  current  approach  is  easier  to  control.  The  fewer  things  that  are  needed  to 
establish  and  operate,  the  better  for  the  user.  This  aspect  can  be  eliminated  by  a 
professionally designed user interface. 
  The  fuzzy  logic  brings  more  satisfaction  to  the  user.  Because  the  time  consuming  and 
frustrating part (manual evaluation) is eliminated in the case of the fuzzy logic approach the 
user is more satisfied by the results and can spend more time fine-tuning the weights and 
letting the system re-evaluate the properties quickly to obtain the best car as possible. 
5.  Conclusion 
The advantages of fuzzy logic in the database outweigh the negatives. The biggest criticism will be 
probably an initial set of preferences, which may seem lengthy and complicated than the classical 
approach. There are set a few properties in the classical approach and you have the result. However, 
the  user  becomes  overloaded  by  large  amount  of  data,  which  is  often  necessary  to  be  manually 
evaluated and sorted. It would be better to receive only the best result instead of thousands high-
quality ones. Quality rather than quantity.  And it is just allowed by fuzzy logic. It requires a bit of 
setting preferences, but it passes through all database and shows us the best results. Therefore it is 
possible to take fuzzy logic as an extension of traditional search techniques in database systems.             VACLAV BEZDEK 
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